
Method of Downhole Drilling and Apparatus therefor 

FIELD OF THE INVENTION 

5 The invention relates to a method of downhole drilling and apparatus 
therefor such as an electrically powered bottom hole assembly for use in 
coiled tubing drilling (CTD) applications, 

BACKGROUND OF THE INVENTION 

10 

Simple CTD services are known using hydraulic motors to provide the 
rotational torque in the drill bit using hydraulic pressure of a suitable fluid. 
Whereas initial efforts at CTD were based around remedial work in an 
existing wellbore, the technology is now used to drill wells from surface and 
15 to sidetrack existing wells. Both overbalanced and underbalanced drilling 
techniques have been evaluated along with advances m directional drilling 
technology. 

However there are significant drawbacks with the existing hydraulic motor 
20 systems. They have a very low durability, due mainly to the failure of seals 
and generally to the problems of transmitting high pressure over long 
distance in a well. Such failure requires withdrawal of the whole string 
from the well. Also, conventional coiled tubing drilling techniques have a 
limited choice of drilling mediums. 

25 

It is therefore an objective of the present invention to provide a method of 
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downhole drilling and apparatus therefor which alleviates or overcomes at 
least some of these disadvantages. 

SUMMARY OF THE INVENTION 

5 

Accordmg to the invention there is provided an apparatus for downhole 
drilling of wells comprising; 

drilling unit comprising a drill bit for penetrating into a rock formation, 

10 

a motor arranged to drive the drill bit, the motor including a hollow shaft 
which permits the passage of fluid therethrough, 

tubing, upon which the drilling unit and motor are suspended, 

15 

control means which monitor and control the action of the motor and/or drill 
bit, and 

cable means disposed along the tubing. 

20 

Preferably, the tubing is coiled tubing. Preferably the cable means is 
disposed within the coiled tubing. Preferably the hollow motor is a 
brushless DC motor providing direct control over the speed and torque of 
the drill bit. Preferably at least one sensor is provided between the motor 
25 and the drill bit. Preferably the sensor or sensors include a rock type sensor 
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such as an x-ray lithography sensor. 

The control means provides the required control over the motor in terms of 
its speed and torque to prevent stalling of the motor and to provide the most 

5 desirable rate of progress of the drilling process. The control means may be 
provided with direction output means to control the direction of the drilling 
by input to a dkectional drilling control means. Similarly, the control 
means may be provided with thrust output means to control the level of 
thrust of the drilling by input to a thruster control means. Preferably the 

10 thrust means include a plurality of eccentric hub type thrusters. 

Also according the present invention there is provided a method of 
downhole drilling using an apparatus as defined above. 

15 Mud may be pumped down the inside of the coiled tubing, through the 
hollow shaft of the motor, and to the bit in order to wash the cuttings away 
from the bit and back up the well through the annulus formed between the 
side of the well on the one hand and the outside of the coiled tubing and the 
motor on the other. Or alternatively, mud may be pumped down the 

20 annulus formed bet>\'een the side of the well on the one hand and the outside 
of the coiled tubing and the motor on the other, and thence to the bit in order 
to wash the cuttings away from the bit and back up the well through the 
hollow shaft of the motor and the inside of the coiled tubing. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 
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Various embodiments of the invention will now be described in more detail, 
with reference to the accompanying drawings, given as an example and not 
intended to be limiting, in which; 

Figure 1 is a longitudinal elevation of a bottom hole assembly; 

Figure 2 is a longitudinal section of the bottom hole assembly; 

Figure 3 is a longitudinal side elevation of a further embodiment of the 
bottom hole assembly; 

Figure 4 is a schematic general arrangement of a control system of the 
motor of the assembly; 

Figure 5 is an end elevation of a further embodiment of a motor used in the 
assembly; 

Figure 6 is a side elevation of the further embodiment of the motor. 

Figure 7 is a schematic general arrangement of a control system of the 
invention; 

Figure 8 is a further embodiment of the bottom hole assembly in use. 
Figure 9 is a longitudinal section of the annular pumps 



Figure 10 is a longitudinal section of the in-line pump 

Figures 11, 12 and 13 are cross sections of embodiments the cable means 
5 showing the annular pumps 

Figure 14 is a side elevation of a further embodiment of the bottom hole 
assembly 

10 Figures 15 and 16 shows the thruster and directional actuation means of 
figure 14 in more detail. 

DESCRIPTION OF TFIE PREFERRED EMBODIMENT 

15 Referring to figure 1 and 2, for the first embodiment, an electrical motor 21 
of the type used for electric submersible pumps is used This electric motor 
is connected to a planetary gearbox 27 to reduce the output shaft speed to 
suit the drilling environment. Referring to figure 4, the motor is controlled 
from surface by a laptop computer (not here shown) connected to a variable 

20 speed drive. A command and control software package interrogates the 
drive to acquire and record real-time drilling data fi-om the motor. 

In this embodiment the system provides enhanced feedback and control of 
drilling processes in real-time, which, when processed appropriately, will 
25 deliver relevant data to the driller and reservoh* engineer. The monitoring 
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and control aspects are discussed in more detail later. 



Referring to an alternative embodiment shown in figures 3, 5 and 6, a 
modular design is shown which is described in more detail later. This 
5 embodiment provides a higher specific power output motor 3 1 , and does not 
need a gearbox. Customisable to a wider range of drilling environments, this 
promises to expand the envelope of CT drilling applications to areas such as 
hardrock and altemate medium drilling. 

10 The electric coiled tubing drilling described offers several distinct 
advantages over conventional CTD operations. In particular, the bit speed 
may be maintained independent of the flow rate through the CT. The 
cabling provides a high quality telemetry path for an immediate data 
feedback, and then may be immediately controlled m response to his data. 

15 The drill bit rotation may easily be reversed, and is more reliable than 
conventional drilling assemblies. The drilling is suitable for underbalanced 
drilling applications and for the dynamic balance of circulation and 
formation pressures. 

20 The embodiment of the bottom hole assembly illustrated in figures 1 and 2 
may be split into several distinct components. These are now discussed in 
more detail. 

The coiled tubing connector 25 provides the electrical and mechanical 
25 connections between the power coiled tubing and the bottom hole assembly. 
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The connector also directs the flow of drilling fluid around the electric 
motor and includes a weakpoint for emergency disconnection. A standard 
fishing profile may be included in the design. 

5 The motor and several parts of the bottom hole assembly must be immersed 
m lubricating oil for extended performance. However, during the drilling 
processes and under varying temperature conditions the volume of this oil 
will vary. Consequently a simple pressure-balanced compensation system is 
incorporated into the design to avoid damage from oil expansion. This 

10 system also provides a quick method of checking the overall health of the 
bottom hole assembly prior to running in hole. Checks on fluid levels could 
give an early indication of oil leakage or seal failure. 

The electric motor 21 used to power the bottom hole assembly is a 15HP 
15 electrical submersible pump (ESP) induction motor. A shrouding 26 
surrotmds the motor, allowing the drilling fluid to be pumped through the 
annular space between the shrouding and the motor. This gives the bottom 
hole assembly outside diameter (OD) of over 130 mm when the OD of the 
electric motor is only 95 mm. 

20 

A specialised industrial gearbox 27 reduces the speed of the motor by a 7:1 
ratio. The gear transmission is planetary, and typically would be rated to a 
maximum torque of 2901bf-fl, though during use the measured torque may 
rise above this limit, but the gearbox can withstand this. 

25 
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The gearbox input is connected directly to the motor output shaft via an 
adaptor coupling. On the output side, a flex coupling isolates the gearbox 
from the drive shaft. The drive shaft then passes through two sets of 
bearings and the mechanical seal. 

5 

Below the gearbox, a rotary seal 28 retains the oil in the motor and gearbox 
whilst the output shaft is rotating. The output shaft speed makes the use of 
elastomers unreliable and consequently a mechanical seal with controlled 
leakage is used. T>pically, the seal is rated for use up to 10,000psi 
10 differential but designed to slowly leak for lubrication and hence have 
increased longevity. A bearing pack of standard type is connected to the 
bottom of the drive shaft. 

Referring again to figure 4, motor power is supplied by a computer 
15 controlled variable speed drive (VSD). This type of drive is commonly used 
to vary the power supply of dowoihole pumps. A personal computer 
emulates the internal VSD controller, allowing identical access to 
conmiands and control functions. 

20 The operator may monitor the bit speed and torque from the computer 
display. Torque is calculated from motor current and bit speed derived from 
VSD output frequency, A logging system is included to capture data 
produced during the testing period to disc, A one minute historical sample 
is also displayed on screen. The control elements of the VSD/ laptop are 

25 deliberately kept simple to operate by the user. In this way, bit speed and 

8 



or/ torque may be quickly altered to suit the drilling environment and 
rapidly adapt to changes. 

The drilling fluid is supplied by a portable pumping unit. Fluid enters a 
5 swivel on the side of the coiled tubing reel. Somewhat beyond the swivel 
connection, a lateral-piece is attached. One side of the T so formed is fed 
through to the coiled tubing for the fluid path, the other terminated in a 
pressure bulkhead, with cable feedthroughs for the electric cable. Electrical 
power is supplied by the variable speed drive through a set of high power 
10 sliprings on the opposite side of the reel. The drilling fluid may be filtered 
by some conventional method and recirculated. 

In use, the electric motor drive will try to maintain a constant speed once 
set, consequentially there will be a high degree of variation in the torque. 
15 As more or less torque is demanded of the motor, the current load will 
increase or decrease accordingly. As torque is directly related to current, 
the two fluctuate in unison. The optimum rate of penetration is obtained 
with a bit speed of between 300-400 rpm. 

20 As a result of these improvements, , the drilling assembly is more reliable. 
The drilling assembly is more flexible as the bit speed may be maintained 
independent of the flow rate, and reversible rotational of the bit is possible, 
of specific interest to traction system and certain cutting operations, such as 
milling out casing shoes; 

25 
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Since there is immediate data feedback via a high quality, high data rate 
telemetry path providing information to the drilling engineer for geosteering 
. and other applications. With the data from the drilling process; torque at 
bit, bit condition, performance drop-off evaluation for optimal ROP may all 
5 be determined 

The drilling assembly is suitable for a wider range of drilling technologies 
such as underbalanced, hard rock and alternate medium drilling, and 
temperatures, drilling applications, and aggressive drilling media 

10 

The system incorporates the power and telemetry infrastructure upon which 
numerous other applications can piggy-back, providing a modular bottom 
hole assembly which is customisable to a wider range of drilling 
applications and environments. Ideally, integrated sensors are included in 
15 the bottom hole assembly to provide the real-time data required to make 
timely and informed drilling decisions. The data from the sensors may be 
transmitted by a cable parallel to the power cable, or the data may be 
superimposed upon the power line itself. 

20 The system also offers certain advantages in terms of coil life. Primarily, 
fatigue is reduced as hydraulic energy is no longer required to drive the 
PDM. Secondly, stall-out situations can be avoided electronically, reducing 
the need to cycle the CT up and down each time the PDM assembly stalls. 

25 The bottom hole assembly may be wired into surface sensors from the 
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coiled tubing unit to be sensitive to changes in weight on bit and ROP. 
Feedback and control loops can be added to keep constant ROP or constant 
weight on bit whilst varying the other available drilling parameters. 
Downhole tools niay also be added for geological determination. 

5 

It is also possible to enable integration of downhole directional sensors and 
geosteering capability. Thus a fully automated drilling system will be able 
to follow a predetermined course to locate geological targets with minimal 
correctional changes in direction. This would be designed to reduce 
10 doglegs and their associated problems. Such a drilling system could also be 
programmed to optimise ROP. 

Referring to figures 3, 5 and 6, the motor 31 includes rotor elements 38, 
stator elements 39 and a hollow shaft 34 which permits the passage 

15 therethrough of fluid from the inside of the coiled tubing to the drill bit 32. 
Mud is pumped from the surface down the inside of the coiled tubing 33 
through the bore 35 of the hollow shaft 34 shaft and to the bit 32 to wash the 
cuttings away from the bit and back along the well being cut on the outside 
of the motor and continuous coiled tubing. A liner tube 37 running through 

20 the hollow shaft ensures that the motor components are kept free of 
contamination, and that the need for seals within the motor is reduced. 

The hollow motor is a brushless DC motor which provides direct control 
over the speed and torque of the drill bit 32. The rotors 38 and stators 39 of 
25 the motor are disposed in segjnented sections along the hollow shaft 34, 
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each section being separated from the next by bearings 40 supporting the 
hollow shaft. This arrangement allows the motor to adopt a greater 
curvature without the moving parts of the motor being forced to touch and 
damaging the motor and reducing its efficiency, since the regions between 
5 the motor sections are able to curve to a greater degree. 

A sensor support 37 is provided between the motor 31 and the drill bit 32. 
The sensor support 37 is provided with a rock type sensor such as an x-ray 
lithography sensor as well as pressure and temperature sensors. 

10 

As shown in figure 4 control means 4 1 comprising a digital estimator and a 
motor simulator are provided for controlling the motor 31. Vohage and 
current input means 42 are provided to determine the speed and torque of 
the drill bit to the control means 41 which are preferably provided by direct 
15 electrical measurements of the motor. Preferably formation type input 
means are also provided to the control means from the rock type sensor 37. 
Also drill bit t>pe input means are provided to input the type of drill bit 
being used corresponding to the particular drilling operation. Thus power 
and data is provided to the motor by means of the cable 43. 

20 

The control means provides the required control over the motor in terms of 
its speed and torque to prevent stalling of the motor and to provide the most 
desirable rate of progress of the drilling process. 

25 Figure 7 shows the possible interaction between some of the different 
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components. The electric motor is directly controlled by a bottom hole 
computer via link 69, as well as being influenced by the downhole sensors 
by link 67 (which could also be fed firstly to the bottom hole computer). 
The bottom hole computer, and some of the downhole sensors, also monitor 
5 the motor's performance, that is, the data transfer is bidirectional. 

The surface computer gathers data from the bottom hole computer 
transmitted along the cable 38a, and also directly from the downhole sensors 
along cable 38b, and also sends the drill operator's commands the bottom 

10 hole computer when the drilling is to be aUered. Inline tools, such as the 
steering means, a traction tool and its load cell, a supplementary pump, and 
a flow tester are also included in the bottom hole assembly, with 
bidirectional communication between both the surface and bottom hole 
computers by cable 38a, and in the case of the traction tool and its load cell, 

15 between each other. Naturally, many different arrangements are possible, a 
particular arrangement bemg dependent, among other things, on the 
particular cable means and tools employed. 

Figures 8 and 9 show a further embodiment of the bottom hole assembly 
20 with a thruster 50 and knuckle joint 52 provided on the bottom hole 
assembly. Figure 8 shows the thruster and knuckle joint being activated, the 
thruster urging the drill along the borehole, and the knuckle joint causing 
the direction of the drill to be changed. Figure 9 shows the thruster and 
knuckle joint being de-activated. The control means is provided with 
25 direction output means to control the steering of the drilling by providing 
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the required input instructions to the knuckle joint 52. Similarly, the control 
means is provided with thrust output means to control the level of thrust of 
drilling by input to the thruster 50, The thrusters may be of the active 
variety, such as the eccentric hub type thrusters shown here, or thrust may 

5 be passively provided, by applying more force to the tubing at the mouth of 
the borehole, or a combination these means may be used by the control 
means to apply more weight to the bit and urge it forward, maintaining the 
most effective penetration rates whilst at the same time preventing stalling 
of the motor or failure for other reasons. Also the control means provides 

10 control over the direction of the drilling bit which enables the tool to 
automatically drill in the required direction, which may be changed to avoid 
certain rock formations or changed in response to other information of the 
formation which has been received durmg drilling. Other types of 
machinery or downhole tools may be included with the bottom hole 

15 assembly and similarly controlled by the control means. 

Figure 1 1 shows a general arrangement of the components of the apparatus 
of a further embodiment showing multiple thruster means 54 which are 
provided to enable the horizontal drilling over long distances. This is used 

20 for example for the drilling out to sea from a land based drilling platform to 
avoid the expense of an off shore platform. Similarly horizontal drilling is 
useful from a sea based platform to reduce the need to erect additional sea 
based platforms. The multiple thrusters can all be controlled by the same 
control means so that the drilling operation can be effectively controlled 

25 along the whole length of the coiled tubing and existing problems of failure 
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of motors and other components can be avoided and permit much longer 
wells to be drilled. 

Figure 1 1 also shows supplementary pumps 60 disposed along the coiled 
5 tubing 23 to assist the fluid flow in the well. These pumps may be disposed 
so as to act in the annulus between the outer diameter if the coiled tubing 
and the well, or in the coiled tubing. The fluid may be caused to flow into 
the well through the coiled tubing and thence out of the well by the annulus, 
or in the opposite direction, that is, into the well through the annulus and out 
10 through the coiled tubing. 

The pumps to be disposed so as to act in the annulus are hollow bored so 
that the coiled tubing may pass through the pumps. Referring to figure 12, 
the annulus pump has a hollow shaft with a motor and set of turbine blades 

15 62 set upon it, the coiled tubing 23 passing through the shaft. The power 
connections 64 to the pump's motor are similar to those of the hollow motor 
driving the drill bit, that is, they are of the brushless DC type. Arrows are 
shown to indicate the possible flow pattern of fluid. Naturally, one may 
choose to cause the fluid to flow down the coiled tubing and to retum up the 

20 annulus, or vice versa- The pump may be secured within the borehole 70 by 
securement means 72. 

Figures 14 to 16 also show various arrangements of the cable means 43 
disposed within the coiled tubing 23, preserving a sufficient bore 35 through 
25 the coiled tubing for fluid flow. As shown in figure 14, the cable 43 may 
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be of the coaxial type concentric with the coiled tubing, or, as shown in 
figures 15 an 16, a three strand type, either disposed in an annular steel 
setting 44, or set within a cable 45 running within the coiled tubing. The 
cable means could even be strapped to the outside of the coiled tubing. 

5 

Referring to figure 13, the pumps 66 fitted in-line with the coiled tubing and 
actmg on the flow within the coiled tubing 23 include turbine blades 
mounted conventionally upon a solid shaft 68, the shaft being caused to turn 
in order to turn the blades. 

10 

Although the principles disclosed here are eminently suited for drillmg with 
coiled tubing, they are not so limited. Referring to figure 17, the techniques 
described above may be applied to jointed drill pipe. A drill string 80 
composed of jointed sections of drill pipe terminates with a drill bit. 

15 Disposed within the drill string is a cable 82 supplying power to an electric 
motor 84 which drives the drill bit 22. Sensors are also included at the end 
of the drill string, data gathered fi-om these being transmitted using the 
power cable 82. The cable is attached to the motor by a stab- in connector 
86, so that the cable may be disconnected to allow further pipe sections to 

20 be added to the drill string. Fluid is then pumped down the borehole 
annulus to return up the drill string or vice versa, whilst the drill bit is 
electrically operated, being regulated by the control means in response to 
the relevant data collected. 

25 Figure 1 8 shows the bottom hole assembly being deployed from a vessel 90. 
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